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ABSTRACT 

The e x p e c t e d  communications c a p a b i l i t y  f o r  t h e  LM 
o p e r a t i n g  a t  l u n a r  r a n g e  w i t h  a n  85' MSFN s t a t i o n  i s  eva lu -  
a ted f o r  t h e  c a s e  of' a LM conf'igured wi thou t  an  e r e c t a b l e  
an tenna .  The r e s u l t s  which a re  p r e s e n t e d  show t h a t  p o s i t i v e  
margins  a re  ( i n  t h e  w o r s t  c a s e )  e x p e c t e d  f o r  t h e  Phase Modu- 
l a t ed  (PM) modes p rov ided  t h a t  20 watts are t r a n s m i t t e d  from 
t h e  LM steerable  an tenna .  The r e s u l t s  f u r t h e r  show t h a t  
n e g a t i v e  margins  are expec ted  f o r  a l l  t h e  LM Frequency Modu- 
l a t e d  (FM) t e l e v i s i o n  modes ( i n  t h e  wors t  c a s e ) .  For  t h e  
back up modes u s i n g  t h e  omni a n t e n n a ,  p o s i t i v e  margins  are 
e x p e c t e d  p rov ided  t h a t  20 w a t t s  are t r a n s m i t t e d  from t h e  LM 
and each s e r v i c e  (back  up v o i c e ,  1 . 6  kbps TLN, or r a n g i n g )  
i s  t r a n s m i t t e d  s e p a r a t e l y .  It i s  expec ted  t h a t  i n  s p i t e  o f  
t h e  n e g a t i v e  margins  of t he  LN-FM modes, these modes w i l l  
p r o v i d e  u s a b l e  data ( t h e  n e g a t i v e  margins  are expec ted  t o  be  
least  d e t r i m e n t a l  t o  TV) .  However, t he  EVA biomed back pack 
data w i l l  p robab ly  be l o s t .  
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SUBJECT: Power Margins f o r  the  LM-MSFN DATE: September 23, 1968 
( 8 5 ' )  Communications Link a t  I 

~ Lunar Range - Case 320 FROM: N .  W. Schroede r  

MEMORANDUM FOR FILE 

The performance o f  t he  communications l i n k  between 
t h e  LM and t h e  MSFN has been e v a l u a t e d  t o  d e t e r m i n e  t h e  communi- 
c a t i o n s  f u n c t i o n s  t h a t  can be ma in ta ined  wi thou t  d e p l o y i n g  on 
t h e  l u n a r  s u r f a c e  t h e  e r e c t a b l e  a n t e n n a  ca r r i ed  by t h e  LM. The 
a n t e n n a  sys t ems  c o n s i d e r e d  i n  t h i s  a n a l y s i s  i n c l u d e  t h e  s teerab le  
and o m n i d i r e c t i o n a l  a n t e n n a s  on t h e  LM and on ly  t h o s e  s t a t i o n s  o f  
t h e  MSFN equipped  w i t h  85-foot  diameter a n t e n n a s .  The r e s u l t s  
t h a t  have been o b t a i n e d  are summarized below and are  p r e s e n t e d  i n  
Table  I .  F u r t h e r  d e t a i l s  and t h e  t h r e s h o l d  c r i t e r i a  used i n  t h i s  
a n a l y s i s  are c o n t a i n e d  i n  t h e  appendix .  The r e s u l t s  p r e s e n t e d  i n  
t h i s  memorandum r e p r e s e n t  a n  u p d a t i n g  o f  t h e  r e s u l t s  i n  Refe rence  

The q u a l i t y  f a c t o r  o r  power margin (M ) which has been 
used  i n  t h i s  e v a l u a t i o n  i s  d e f i n e d  as t h e  amount by which t h e  
t o t a l  r e c e i v e d  s i g n a l  power exceeds t h a t  which i s  r e q u i r e d  f o r  
t h e  c i r c u i t  margin of  t h e  s e l e c t e d  s e r v i c e  t o  e q u a l  z e r o .  The 
power margins  which a r e  p r e s e n t e d  i n  t h i s  memorandum; t h e r e f o r e ,  
r e p r e s e n t  d i r e c t l y  t h e  magnitude ( i n  d e c i b e l s )  t h a t  t h e  " t r a n s -  
m i t t e r  power - a n t e n n a  g a i n "  combina t ion  may be  a l lowed t o  degrade 
( i f  M p > O )  o r  t h e  magnitude ( i n  d e c i b e l s )  t h a t  t h i s  combina t ion  
must be improved ( i f  M p < O )  f o r  t h a t  communication c a p a b i l i t y  t o  
e x i s t .  

The f o l l o w i n g  i s  a summary of  t h e  major  r e s u l t s :  

1. The up - l ink  margins  a r e  p o s i t i v e  i f  1 0  KW i s  t r a n s m i t t e d  
by t h e  MSFN s t a t i o n  ( 8 5 ' )  to e i t h e r  t h e  LM s t e e r a b l e  o r  
LM omni an tenna ;  however, i t  i s  no ted  t h a t  t h e  power 
margin o f  t h e  up-voice and up-data  channe l s  u s i n g  t h e  
LM omni a n t e n n a  i s  on ly  0 . 8  d B  i n  t h e  wors t  c a s e  ( f u l l  
PM up- l ink  mode and wors t  c a s e  parameters) .  

1. 

2 .  The down-link ( u s i n g  t h e  LM s t e e r a b l e  a n t e n n a ,  t h e  
MSFN ( 8 5 ' )  a n t e n n a ,  and a v e h i c l e  t r a n s m i t t e d  power 
o f  2 0  watts)  m a r g i n s  are  p o s i t i v e  i n  t h e  c a s e  o f  t h e  
PM modes. 
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SUBJECT: Power Margins f o r  t h e  LM-MSFN DATE: September 23 ,  1968 
( 8 5 ' )  Communications Link a t  
Lunar Range - Case 320 FROM: N .  W .  Sch roede r  

MEMORANDUM FOR F I L E  

The performance of the  communications l i n k  between 
t h e  LM and t h e  MSFN has been e v a l u a t e d  t o  d e t e r m i n e  t h e  communi- 
c a t i o n s  f u n c t i o n s  t h a t  c a n  be  ma in ta ined  w i t h o u t  d e p l o y i n g  on 
t h e  l u n a r  s u r f a c e  t h e  e r e c t a b l e  a n t e n n a  ca r r i ed  by t h e  LM. The 
a n t e n n a  sys t ems  c o n s i d e r e d  i n  t h i s  a n a l y s i s  i n c l u d e  t h e  s teerab le  
and o m n i d i r e c t i o n a l  a n t e n n a s  on t h e  LM and o n l y  t h o s e  s t a t i o n s  o f  
t h e  MSFN equipped  w i t h  85-foot diameter a n t e n n a s .  The r e s u l t s  
t h a t  have been o b t a i n e d  are summarized below and are  p r e s e n t e d  i n  
T a b l e  I .  F u r t h e r  d e t a i l s  and t h e  t h r e s h o l d  c r i t e r i a  used i n  t h i s  
a n a l y s i s  are c o n t a i n e d  i n  t h e  appendix .  The r e s u l t s  p r e s e n t e d  i n  
t h i s  memorandum r e p r e s e n t  a n  u p d a t i n g  o f  t h e  r e s u l t s  i n  Refe rence  

The q u a l i t y  f a c t o r  o r  power margin ( M  ) which has been 
used  i n  t h i s  e v a l u a t i o n  i s  d e f i n e d  as t h e  amoun! by  which t h e  
t o t a l  r e c e i v e d  s i g n a l  power exceeds t h a t  which i s  r e q u i r e d  f o r  
t h e  c i r c u i t  margin of t h e  s e l e c t e d  s e r v i c e  t o  e q u a l  z e r o .  The 
power margins  which a re  p r e s e n t e d  i n  t h i s  memorandum; t h e r e f o r e ,  
r e p r e s e n t  d i r e c t l y  t h e  magnitude ( i n  d e c i b e l s )  t h a t  t h e  " t r a n s -  
m i t t e r  power - a n t e n n a  g a i n "  combina t ion  may be a l lowed t o  degrade 
( i f  M p > O )  o r  t h e  magnitude ( i n  d e c i b e l s )  t h a t  t h i s  combina t ion  
must b e  improved ( i f  M p < O )  f o r  t h a t  communication c a p a b i l i t y  t o  
e x i s t .  

The f o l l o w i n g  i s  a summary o f  t h e  major  r e s u l t s :  

1. The up - l ink  margins  a r e  p o s i t i v e  i f  1 0  KW i s  t r a n s m i t t e d  
by t h e  MSFN s t a t i o n  ( 8 5 ' )  t o  e i t h e r  t h e  LM s t e e r a b l e  o r  
LM omni a n t e n n a ;  however, i t  i s  no ted  t h a t  t h e  power 
margin o f  t h e  up-voice and up-data  channe l s  u s i n g  t h e  
LM omni a n t e n n a  i s  on ly  0 . 8  d B  i n  t h e  wors t  c a s e  ( f u l l  
PM up- l ink  mode and worst  c a s e  parameters) .  

1. 

2 .  The down-link ( u s i n g  t h e  LM s t e e r a b l e  a n t e n n a ,  t h e  
MSFN ( 8 5 ' )  a n t e n n a ,  and a v e h i c l e  t r a n s m i t t e d  power 
o f  2 0  watts)  margins  are p o s i t i v e  i n  t h e  c a s e  o f  t h e  
PM modes. 
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3.  

4. 

5. 

The down-link FM modes ( u s i n g  t h e  s t e e r a b l e  a n t e n n a  
and h i g h  RF power - 2 0  wa t t s )  p r o v i d e  p o s i t i v e  
margins  f o r  on ly  t h e  t e l e v i s i o n  and 1 . 6  khps 
l i n k s  (nominal  c o n d i t i o n s  o n l y ) .  

The 1 . 6  kbps  Tm, t h e  down-link back-up v o i c e  
and t h e  r ang ing  channe l s  each have p o s i t i v e  
margins  i f  each  i s  t r a n s m i t t e d  by i t s e l f  w i t h  
20 watts from t h e  LM omni a n t e n n a  t o  t h e  MSFN s t a t i o n  
(85 '  a n t e n n a ) .  

The n e g a t i v e  margins shown i n  T a b l e  I, p a r t i c u l a r l y  
i n  t h e  FM t e l e v i s i o n  modes are n o t  i n t e n d e d  t o  imply 
complete  l o s s  of data .  The voice/biomed channe l  
for example has been demonst ra ted  as a u s a b l e  
channel  ( w i t h  degraded i n t e l l i g i b i l i t y ) .  F o r  
t e l eme t ry ,  he margins  are r e l a t ed  t o  a b i t  e r r o r  
r a t e  o f  10 -  Negat ive  margins  i n d i c a t e  a n  e r r o r  
ra te  i n  e x c e s s  of l o m 6 .  
of -2dB i m p l i e s  a b i t  e r r o r  r a t e  of 1 0 - 4 ) .  

( F o r  example,  a margin  

Conclus ions  

A t  l u n a r  r ange ,  a l l  o f  t h e  PM modes of  t h e  LM 
o p e r a t i n g  w i t h  a n  85-foot s t a t i o n  of  t h e  MSFN can b e  expec ted  
t o  perform w i t h  p o s i t i v e  power margin when u s i n g  t h e  LM 
steerable  an tenna  even when o p e r a t i n g  under  wors t  c a s e  con- 
d i t i o n s .  When t h e  LM c o n f i g u r a t i o n  e m p l o y s  an  o m n i d i r e c t i o n a l  
a n t e n n a ,  low r a t e  te lemet ry  ( 1 . 6  k b p s ) ,  back up v o i c e  o r  rang-  
i n g  can be s u p p o r t e d  when each i s  t r a n s m i t t e d  a l o n e .  Marglna l  
b u t  u s a b l e  performance i s  e x h i b i t e d  when back-up v o i c e  and low 
r a t e  te lemet ry  are t r a n s m i t t e d  s i m u l t a n e o u s l y  from a n  LM omni 
a n t e n n a .  The LM FM modes which i n c l u d e  t e l e v i s i o n  a l l  e x h i b i t  
m a r g i n a l  o r  n e g a t i v e  margins  when t r a n s m i t t e d  from t h e  LPI 
s teerable  an tenna  to an  MSFN 85-foot  s t a t i o n .  When o p e r a t i n g  
i n  t h e  FM modes, t e l e v i s i o n  shou ld  per form b e t t e r  t h a n  e i t h e r  
t h e  v o i c e  o r  t e l eme t ry  channe l s .  I n  t h e  modes w i t h  t e l e v i s i o n ,  
it i s  expec ted  t h a t  v o i c e  and low r a t e  t e l e m e t r y  w i l l  be  degra-  
ded b u t  u s a b l e ;  t h e  b iomedica l  (back pack)  t e l eme t ry  which i s  
t r a n s m i t t e d  v i a  t h e  v o i c e  channel  w i l l  p r o b a b l y  be l o s t .  

2034-NWS-ew 
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TM 67-2034-3, A p r i l  26, 1967. 
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APPENDIX I 

Purpose 

The pu rpose  of t h i s  appendix  i s  t o  p r e s e n t  more 
de t a i l ed  r e s u l t s  t h a n  t h o s e  g iven  i n  Tab le  1 and t o  p r e s e n t  
data  t h a t  was used i n  t h e  power margin  c a l c u l a t i o n s .  

The s y s t e m  pa rame te r s  which were used i n  t h i s  
a n a l y s i s  are t h o s e  c o n t a i n e d  i n  t h e  NASA-MSC/ ISD master 
parameter l i s t  dated March 1 2 ,  1968 and i n  t h e  MSC I n t e r n a l  
Xote MSC-EB-R-67-11, "A Performance AnalysTs of t h e  Apo l lo  
U n i f i e d  S-Band Communications Sys tem f o r  a T y p i c a l  Lunar 
Miss ion" ,  by D .  G .  Arndt ,  C .  T .  Dawson and R .  W .  Moorehead, 
dated May 2 ,  1 9 6 7 .  Table  A g i v e s  t h e  power margins ,  T a b l e  B 
g i v e s  t h e  t h r e s h o l d  c r i t e r i a ,  and T a b l e  C g i v e s  t h e  r e c e i v e d  
s i g n a l  powers which can b e  expec ted  u s i n g  t h e  LM-MSFN ( 8 5 ' )  
l i n k .  

The r e s u l t s  of t h e  power margin c a l c u l a t i o n s  i n  
Table  A a r e  l i s t e d  w i t h  two decimal  p l a c e s  t o  m a i n t a i n  a 
h ighe r  c o r r e l a t i o n  between the  r e s u l t s  p r e s e n t e d  and t h e  
numer i ca l  o u t p u t  o f  t h e  computer program used  i n  t h i s  
a n a l y s i s .  For  f u r t h e r  c a l c u l a t i o n s  u s i n g  t h e  r e s u l t s  
p r e s e n t e d ,  t h e  magnitudes of t h e  power margins  shou ld  be  
rounded o f f  t o  one dec imal  p l a c e  because  t h i s  i s  t h e  accu racy  
t o  which t h e  sys tem pa rame te r s  are s p e c i f i e d .  

lThe r e q u i r e d  i n p u t  s i g n a l  t o  n o i s e  r a t i o s  f o r  t h e  FM 
modes were t a k e n  from t h i s  document. 
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Bellcomm, Inc. 

Subject: Power Margins for the Date: September 23, 1968 LM-MSFN ( 8 5 ' )  Communications 
Link at Lunar Range. - From: N. W. Schroeder 

Distribution List 

NASA Headquarters 

B.P. Brown/MOR 
G.H. Hage/MA 
J.K. Holcomb/MAO 
T.A. Keegan/MA-2 
A.W. Kinney/MOE 
J.T. McClanahan/MOR 
S.C. Phillips/MA 
N. Pozinsky/TS 
L.M. Robinson/TS 
L.R. Scherer/MAL 
W.C. Schneider/MA 
J.D. Stevenson/MO 

MSC - 
C.A. Beers/FC 
C.H. Bolender/PA 
L.C. Dunseith/FS 
J . A. Frere/FS-4 
H. Kyle/EB 
J. McKenzie/PD-4 
R.W. Moorehead 
L.E. Packham/EE 
R.G. Rose/FA 
R.S. Sawyer/EE 
P. Vavra/EB 

GSFC - 
W. P. Varson/830 

Be llc omm 

W.J. Benden 
C. Bidgood 
A.P. Boysen, Jr. 
R.K. Chen 
D.A. Chisholm 
L.A. Ferrara 
D.R. Hagner 
B.T. Howard 
D.B. James 
J.E. Johnson 
H. Kraus 
D.D. Lloyd 
J.P. Maloy 
J.Z. Menard 
V.S. Mummert 
B.F. O'Brien 
T.L. Powers 
P.E. Reynolds 
1.1. Rosenblum 
I.M. Ross 
J.A. Saxton 
K.H. Schmid 
N.W. Schroeder 
L. Schuchman 
P.F. Sennewald 
J.W. Timko 
C.B. Troussoff 
B.P. Tunstall 
R.L. Wagner 
A.G. Weygand 
W . D .  Wynn 
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